In recent years, it has been demonstrated that the liver participates in the regulation of calcium metabolism due to the hepatic bile system in rats.1,2) On the basis of this finding, a calcium-binding protein (CaBP) has been found in the cytosol of rat liver.3-7) The molecular weight of CaBP isolated from rat liver cytosol was estimated to be 28800, and the Ca2 binding constant was found to be 4.19 x 105 M1 by equilibrium dialysis.5 Thus, this protein differs from calmodulin, which modulates many biochemical effects of Ca2 in cells. 8, 9) Although the cell physiological role of this protein is not fully resolved, it has been demonstrated that the CaBP regulates the activation of fructose 1,6-bisphosphatase in hepatic cytosol by Ca2 -calmodulin.7 The present investigation was undertaken to elucidate the cell physiological role of CaBP. Pyruvate kinase participates in the rate-controlling process of hepatic gluconeogenesis.10) The present report describes the effect of Ca2 on liver pyruvate kinase and clarifies the effect of CaBP on the enzyme activation by Ca2 . It was found that CaBP reverses the activation of pyruvate kinase by Ca2+ Isolation of CaBP The livers of rats were perfused with ice-cold 0.25 M sucrose solution, frozen imme-diately, and then cut into small pieces, which were suspended 1 : 4 in an ice-cold 0.25 M sucrose solution and homogenized in a Potter-Elvehjem homogenizer with a Teflon pestle. The homogenate was spun at 105000 x g in a refrigerated centrifuge for 60 min and the supernatant fluid was collected to obtain the cytosol. CaBP in the cytosol fraction of rat liver was purified to electrophoretic homogeneity by gel filtration on Sephadex G-75 and G-50 followed by ion-exchange chromatography on diethylaminoethyl (DEAE)-cellulose, as reported previously.4) Analytical Methods Pyruvate kinase assay was carried out under optimal conditions.11) The usual reaction mixture contained 125 pmol of Tris-HC1 buffer (pH 7.5), 25 pmol of MgCl2, 187.5 pmol of KC1, 4.0 prnol of trisodium phosphoenolpyruvate, 4.0 pmol of the sodium salt of adenosine diphosphate (ADP) brought to pH 7.0 with NaOH, and 21 pg of pyruvate kinase, in a final volume of 3.2 ml. In some experiments, the test system contained calcium chloride (10-3-103 pm Ca2+), calmodulin (1.0-10 pg/ml) and/or CaBP (4.0-40 pg/ml) in the above assay system. Assays were conducted by incubation at 30 C, and aliquots of 0.2 ml of assay mixture were removed for pyruvate determination at 1 and 3 min after initiation of the reaction by the addition of ADP. Pyruvate was determined in 0.2-ml aliquots of reaction mixture by a modification of the 2,4-dinitrophenylhydrazine method.12) The aliquots were added to 0.5 ml of cold 0.0125% 2,4-dinitrophenylhydrazine in 0.2 N HC1, and incubated for 10 min at 37 °C, then 1.2 ml of 2.4 N NaOH containing 2 mm ethylenediaminetetraacetic acid (EDTA) was added. The tubes were allowed to stand for 10 min at room temperature, during which time color developed. The optical density of the solution was measured at 510 nm in a spectrophotometer. The enzyme activity was expressed as pmol of pyruvate released per min per mg protein. The protein concentration was determined by the method of Lowry et al. 13) Statistical Methods The significance of differences between values was estimated by using Student's t-test. p values of less than 0.05 were considered to indicate statistically significant differences.
Results
The effect of Ca2+ addition on pyruvate kinase activity isolated from liver cytosol is shown in Fig. 1 . Pyruvate kinase activity was significantly increased by addition of Ca2+ in the range of 1.0-103 pm. A half-maximal effect was observed at 10 pm Ca2+. With higher levels of Ca2+, the enzyme activity increased, and the maximal effect was observed at 100pm Ca2+. This enzyme activity was not enhanced by the presence of calmodulin (5 pg/ml). No. 5
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The effect of CaBP on the activation of pyruvate kinase by addition of Ca2+ (10 pM) was examined, and the result is shown in Fig. 2 . The increase in the enzyme activity by Ca2+ addition was reversed to the control level by CaBP, and the reversal was complete at the concentration of 40 jig/ml. This indicates that the calcium added to the reaction mixture was bound to CaBP, because this protein has 6-7 high-affinity binding sites per molecule of protein. 5) The reversible effect of CaBP on the activation of pyruvate kinase by addition of Ca2+ (1.0 100 pm) was examined (Fig. 3) . The activation of pyruvate kinase due to addition of 1.0 pm Ca2+ was completely reversed by the presence of CaBP (20 pg/ml). An appreciable activating effect of Ca2+ on pyruvate kinase in the presence of CaBP was observed with higher concentrations of Ca2+ (10 and 100 pM), although CaBP significantly reversed the enzyme activation by Ca2+ . Thus, the Ca2+ effect on the enzyme was also weakened by CaBP at higher concentrations of Ca2+
Calmodulin is a kind of Ca2+ -binding protein.8) Pyruvate kinase isolated from liver cytosol was not activated by calmodulin. Rather, calmodulin reversed the activation of pyruvate kinase by Ca2+ (1.0 and 10 pM) (Fig. 4) . This effect is consider to be due to the binding of Ca2+ to calmodulin, because the protein can bind Ca2 8,9) Discussion It is well known that Ca2+ has many biological effects in liver cells.14) Pyruvate kinase is an enzyme involved in gluconeogenesis in the hepatic cytosol.10,111 The present result, that The enzyme activity of the control reaction mixture, which did not contain Ca2 + or calmodulin was 0. 
